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Although most ecological variables are scale-dependent, few studies cover a broad range of spatial scales. Here, we
consider South African mangrove pneumatophore arthropod communities (mites, crustaceans and insects), across seven
spatial scales (from 10 cm to 100 km). We plot spatial autocorrelation in individual species, evaluate if resource and
habitat availability determine spatial patterning, and identify the scales of community transition. Spatial autocorrelation
in most ecological variables decreased with increasing spatial scale, with notable exceptions for the larger scales. Negative
abundance autocorrelation was stronger at 10 km than at 100 km for common species, while the opposite was true for
rare species. Spatial autocorrelation in species richness decreased from 1 m (strong positive) to 10 km (strong negative),
but was not significant at the 100 km scale. These patterns reflect the patchy distribution of pneumatophores within
mangrove forests, that of the forests along the coast, and the poor dispersal abilities of most of the arthropods sampled, in
a highly dynamic environment. Although resource and habitat availability exhibited a similar autocorrelation pattern to
that of the community, the total mass of pneumatophores did not appear to be an important determinant of community
structure. Variations in the abundance of common species, as well as the restricted distribution of rare species caused
assemblage structure to change gradually with increasing distance from 10 cm to 100 km, but only marginally from 10 to
100 km. We highlight the need for cross-scale studies in bridging the gap between two key ecological concepts: potential
ecological niche and realized geographic range.
The central questions of ecology address the relationship
between organisms and the environment. However, this
relationship may be viewed completely differently depending
on the scale of analysis, since patterns in environmental
variables vary with spatial scale (Levin 1992, Wu et al. 2002,
Hartley et al. 2004, Hortal et al. 2008). Deciding on the scale
appropriate for collecting ecological data without prior
knowledge of the system under examination is problematic.
Patterns exist at both smaller and larger scales due to the
action of multiple factors that may only become apparent
once sampled across scales (Krawchuk and Taylor 2003,
Hartley et al. 2004, Rahbek 2005, Nogués-Bravo et al. 2008).
Ideally, the spatial extent sampled, and sampling within this
extent, should be maximized to capture the full range of
spatial variation and potentially structuring factors. However,
so far, few habitats have been systematically surveyed to
explicitly account for changes in patterns across a large array
of spatial scales (but see Farnsworth and Ellison 1996, Åberg
and Pavia 1997, Procheş et al. 2009 for some examples).
Marine science is one of the fields where scale research
has been particularly productive. The diversity of results in
this field suggests that the distribution patterns of marine
organisms across scales is greatly influenced by the type of
substratum, from intertidal rock and Arctic ice to estuarine
or deep-sea sediment (Farnsworth and Ellison 1996, Åberg
and Pavia 1997, Farnsworth 1998, Gascoigne et al. 2005).
One particularly interesting system in terms of substratum
is represented by the floor of mangrove forests, where the
breathing roots (pneumatophores) of mangrove trees
represent islands of hard substratum in a matrix of soft
sediment. In southern African estuaries, pneumatophores
are inhabited by arthropod assemblages completely different
from those of the sediment matrix (Procheş et al. 2001,
Procheş and Marshall 2002a). Many of the pneumatophore
arthropods are only secondarily marine (Procheş 2001),
having terrestrial ancestry, and lack the pelagic larvae that
commonly effect dispersal in marine organisms (Procheş
2004). This system therefore provides an opportunity to
separate the effects of dispersal limitations (by comparing
primarily and secondarily marine species) and those of
habitat availability (quantifiable by using pneumatophore
mass as a surrogate; Procheş and Marshall 2002a) in
producing cross-scale patterns in species distribution and
assemblage structure.
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Here, we investigated spatial and scale-related variability
in an arthropod community associated with pneumato-
phores of the mangrove tree Avicennia marina (Acantha-
ceae) along the eastern coast of South Africa. Individual
species and community variables were examined across
seven spatial scales (from 10 cm to 100 km) within and
across mangrove forests; one of the largest orders of
magnitude and number of scales ever considered in a single
sampling effort. More precisely, we evaluated the following
predictions: 1) species abundance would show positive
autocorrelation across local scales, but negative at larger
scales because of low dispersal abilities; 2) patch size for rare
species should be smaller than for common species because
fewer propagules leave the natal site; 3) the community
should be spatially autocorrelated at scales similar to (or
smaller than) pneumatophore mass as pneumatophores are
essential for the arthropods to establish.
Material and methods
Sampling
Mangrove forests have a patchy distribution along the
southern African coast, naturally occurring in open estuaries
and bays (Macnae 1963). Forest patch size varies from a few
square meters to hundreds of hectares, and adjacent patches
are often tens of kilometers apart. Avicennia marina is the
most abundant tree species in these forests. The pneuma-
tophores of this species are pencil-like structures, emerging
from the sediment at irregular intervals. Even in stands
dominated by other tree species, Avicennia pneumatophores
are present in high numbers, due to the broad coverage of
subterranean roots. Pneumatophore density is variable,
reaching 1000 m2.
Sampling was performed in AprilAugust 2000, in
mangrove forests along the coast of KwaZulu-Natal (South
Africa). The forest in Richards Bay covers an area of 427.5
ha and is divided by a ‘‘berm’’ wall between a southern
wildlife sanctuary, and a northern harbour. The forests at
Beachwood (44 ha) and Bayhead (15 ha) are located within
the eThekwini (Durban) metropolitan area (Ward and
Steinke 1982). One transect was set in each Richards Bay
Harbour, Richards Bay Sanctuary, Beachwood and Bayhead
(Fig. 1). The distance between the former two transects, as
well as the distance between the latter two transects, was ca
10 km. Five finer scales (1 km, 100 m, 10 m, 1 m, 10 cm)
were considered in each transect, following a nested design
(Underwood and Chapman 1998; Fig. 1). The distance
between the Richards Bay and Durban localities (Fig. 1) is
ca 180 km, but for simplicity this will further be referred to
as the 100 km scale. This sampling design resulted in a total
of 128 samples, allowing for comparisons between seven
spatial scales. The environment within which sampling was
conducted imposed some limitations on the sample layout,
e.g. the distances between the sets of samples did not always
represent the nominal values of their respective spatial scale.
However, they did always represent between half and twice
this value (e.g. double grids  nominally 100 m apart, were
always between 50 and 200 m apart). The distance between
the centers of the plots in a double plot, representing the 10
cm scale, was always 15 cm.
The meiofaunal arthropods on the Avicennia pneumato-
phores were collected within each of the 128 plots by cutting
the pneumatophores at ground level and returning them to
the laboratory, where arthropods were extracted and counted
following the method outlined by Procheş et al. (2001).







64 double plots x 2 plots/double plot
= 128 plots
2 localities x 2 transects/locality 
= 4 transects
4 transects x 2areas/transect 
= 8 areas
8 areas x 2 double grids/area 
= 16 double grids
16 double grids x 2 grids/double grid 
= 32 grids
32 grids x 2 double plots/grid 
= 64 double plots
Bayhead Beachwood
SanctuaryHarbour
2 localities: yaB sdrahciR nabruD
Figure 1. The sampling design: 128 samples were collected from plots arranged to allow assessment of spatial patterns of species and
communities at seven different spatial scales (localities 100 km apart, transects 10 km apart, areas 1 km apart, double grids 100 m apart,














Barnacles (Balanus amphitrite) were counted separately. The
pneumatophores in each sample were dried and weighed.
Taxa
All arthropod specimens were identified to ‘‘morphospe-
cies’’ level, except for the harpacticoid copepods and the
insect larvae, which comprised several species that were
difficult to discriminate under a dissecting microscope.
These two groups, representing respectively 16.86 and
10.16% of the total number of individuals, were excluded
from the analyses. While this exclusion makes the commu-
nity incomplete from a taxonomic point of view (both
groups being arthropods), it does not seriously affect the
completeness of the niche space represented. Harpacticoid
copepods are typical meiofaunal organisms common in the
surrounding sediment matrix, and often associated with
non-arthropod nematodes (Nagelkerken et al. 2008).
Insects disperse as flying adults, and as such their spatial
ecology could be quite different from all other groups
sampled here. In total, 21 morphospecies were considered
(14 mites, 3 amphipods, 1 isopod, 1 tanaid, 1 barnacle,
1 collembolan; Table 1).
Autocorrelation analyses
Spatial autocorrelation (the correlation of ecological vari-
ables with themselves across distances) is commonly used to
investigate spatial patterns in ecological variables and to
identify key spatial scales for future investigations (Radeloff
et al. 2000, Perry et al. 2002). At local scales, positive
autocorrelation is usually observed, reflecting within-patch
ecological processes such as frequent dispersal across short
distances, biotic interactions and localized disturbances
(Legendre 1993). As spatial scale increases autocorrelation
generally becomes negative, the scale where values switch
from positive to negative being termed patch size (Sokal and
Wartenberg 1983). High dispersal abilities are likely to
increase the scaling of autocorrelation, resulting in positive
autocorrelation over larger distances (Engen et al. 2002),
while low dispersal ability has an opposite effect (Shurin
et al. 2009).
Bonferroni-corrected correlograms (with Moran’s I as an
autocorrelation measure) based on log-transformed data
were computed in SAAP (Spatial Autocorrelation Analysis
Program), ver. 4.3 (Wartenberg 1989). A rectangular co-
ordinates system was used with unequal (customized)
distance classes (Wartenberg 1989; each distance class
represented one of the seven spatial scales considered).
This resulted in 64, 128, 256, 512, 1024, 2048 and 4096
pairs, respectively, for the seven distance classes. According
to Legendre and Fortin (1989), autocorrelation values in
distance classes containing 1% of the total numbers of
pairs can be readily interpreted. Although the lowest
number of pairs, 64, approximate 1% (0.8%) of the total
number (8128), we consider and interpret the results for
distance class one with caution.
To assess the spatial scaling of autocorrelation, we
determined the x-intercept on correlograms for abun-
dance in all species (looking for differences between
primary and secondary marine species as well as common
and rare species), community parameters, and pneuma-
tophore mass. Common species were defined as those
present in 10% of the samples and representing 1%
of the total number of individuals, while species not
satisfying either of these conditions were considered rare.
Species present in 24 samples were considered, while
species present in only one sample were excluded from
this analysis.
Table 1. Arthropod taxa from mangrove pneumatophores.
Subphylum Class/subclass Order Family Species











Oribatida Nothridae Nothridae sp.
Oribatulidae Oribatulidae sp.
Pontiobates sp.
Astigmata Thyreophagidae Thyreophagus sp.
Crustacea Malacostraca Tanaidacea Tanaididae Tanais philetaerus




Thecostraca Cirripedia Balanidae Balanus amphitrite
Copepoda Harpacticoida various*
Hexapoda Entognatha Collembola Neanuridae Anurida maritima
Insecta various larvae*














Community composition dissimilarity analyses
An alternative method to identify the spatial scales where
significant transitions in community structure occur uses
dissimilarity values between assemblages (Underwood and
Chapman 1998). The method measures how different
samples are from the average sample in their neighborhood
(centroid), neighborhood being defined at various scales.
Dissimilarity values for different scales are then compared.
Each sample is only used in one comparison (at one spatial
scale; Fig. 2). Here dissimilarity values were calculated for
pairs represented by one sample and the centroid of one set
of samples it belonged to. Sets of samples were selected to
represent all of the distance classes considered (a sample was
compared with the centroid of the samples found in the
same double plot, grid, double grid, area, transect, locality,
or the centroid of all 128 samples in the study). As 21
samples contained no arthropods, the 107 non-empty
samples were used for comparison with seven distance
classes without using the same sample twice. This gave a
maximum of fifteen replicate dissimilarity values for each
scale, the average of which is considered to represent a typical
dissimilarity value for that scale. Bray-Curtis dissimilarity
values were computed using the EstimateS (Colwell 2006)
package on 4th root transformed data, and then plotted
against a distance axis. For statistical comparisons between
mean dissimilarity values at the seven spatial scales we used a
one-way ANOVA followed by Student-Newman-Keuls test
in SPSS (ver. 9.0) for Windows. This was repeated for
seventy randomly selected sets of values (ten randomly
selected samples were chosen as starting points in each
randomization and permuted across the seven spatial scales 
but in any of the seventy tests each sample was only used
once). For each test, the subsets recognized by the Student-
Newman-Keuls test were used to decide which spatial scales
are significantly different from which others. We plotted the
percentage of tests in which each two adjacent scales were
classified as significantly different.
Mantel tests
To identify the potential causal factors determining spatial
variation in mangrove communities, simple and partial
Mantel correlations between habitat and community dissim-
ilarity matrices (controlling for the effect of a third matrix,
such as space  Legendre and Legendre 1998, Peres-Neto
et al. 2006) were performed using the ‘‘ecodist’’ package for R
2.7.1 (R Development Core Team; <www.R-project.org>;
Goslee and Urban 2007). Resemblance matrices were
constructed using Euclidean distances for the matrix of
geographic distances between pairs of sampling stations, and
Bray-Curtis similarities for community variables and pneu-
matophore mass. A non-significant partial Mantel test
(Legendre and Legendre 1998) between community variables
(species richness and total abundance) and pneumatophore
mass, when controlling for the effect of space and when the
remaining correlations are significant, suggests that the effect
of (an)other spatially structured variable(s) determines the
observed spatial community structure. A non-significant
partial Mantel test between community variables and a spatial
matrix, controlling for pneumatophore mass, when the
remaining correlations are significant, supports the hypoth-
esis that the size of the resource available to be exploited
(pneumatophore mass) controls the observed variation in
community structure (Legendre and Legendre 1998, Goslee
and Urban 2007). All Mantel significance tests were
performed using 10 000 randomisations.
Results
Single-species patterns
Of the twenty-one morphospecies from three classes that
were identified (Table 1), 14 species were analysed (those
present in at least 2 samples). The strongest positive
autocorrelation was observed at the 10 cm scale for eight
(4 common, 4 rare) of the 14 species, and at 1 m for the
remaining six (1 common, 5 rare) species (Fig. 3;
Supplementary material Table S1). For all species, positive
autocorrelation in number of individuals was characteristic
of fine scales (10 cm, 1 m, 10 m, 100 m), and negative
autocorrelation of large scales (10 km, 100 km). At the
intermediate scale of 1 km, the abundances of some species
were positively, and those of others, negatively autocorre-
lated. Autocorrelation values generally decreased and
became negative with increasing distance (Fig. 3).
The most abundant species were often more strongly and
positively autocorrelated over larger distances (up to 1 km)
than less abundant species (up to 1 km, 10 m, and 1 m with
a decline in abundance) (Supplementary material Table S1).
The x-intercept on the correlogram was generally between
1 km and 10 km for the common species and between 1 m
and 100 m for the rare species (Fig. 3a, b). There was a
significant relationship between Moran’s I and species
abundance in the first two distance classes (Fig. 4), although
several rare species (Agauopsis sp., Uroobovella sp., Spher-
omatidae sp. and Anurida maritima) showed strong positive
autocorrelation in the 10 cm distance class (Fig. 3).
Area centroids
Centroids of double grids
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Figure 2. Method for evaluating variation in community structure
at different spatial scales, as developed by Underwood and
Chapman (1998). Circles represent samples or centroids for
subsets of 2, 4, 8, and 16 samples. Links represent randomly
selected sample-centroid pairs for which dissimilarity values are
calculated. A sample is always compared to the centroid of the set
it belongs to, and equal numbers of dissimilarity values are
calculated for sets from each spatial scale. The example in this
figure illustrates how this method is applied to a set of 16 samples.















The autocorrelation functions of community and resource
measures were similar, with x-intercepts of approximately
1 km for total abundance, species richness and pneumato-
phore mass (Fig. 5). Positive autocorrelation was, however,
strongest for abundance, followed by species richness and
pneumatophore mass. Total arthropod abundance closely
followed the curve for the dominant species, Tanais
philetaerus (which constituted 78% of the total arthropod
abundance; Fig. 5, cf. Supplementary material Table S1).
However, at the 100 km scale the autocorrelation values
were once again non-significant two of the three variables
(total abundance and species richness; Fig. 5).
In the community composition analysis, the average
dissimilarity values between samples and their centroids
increased with the spatial scale at which centroids were
computed, in almost linear fashion (Fig. 6). Significant
differences were found between any two adjacent scales in
at least a few permutations. The distribution of significant
differences was similar across the first five out of six possible
spatial transitions (10 cm to 10 km), but such differences
were less frequent for the sixth, between the 10 km and the
100 km scale. These results can be summarized by saying
that dissimilarity in community composition increased
substantially with scale between 10 cm and 10 km, but
only marginally between 10 km and 100 km.
Although the spatial patterns of community variables
and pneumatophore mass were similar (Fig. 5), the simple
and partial Mantel tests revealed no significant relationships
between the matrices of community variables and pneuma-
tophore mass (Table 2). Therefore, the amount of habitat
and resource available to the arthropods utilizing the
pneumatophores played no role in structuring the commu-
nity at the measured scales. Community variables and
pneumatophore mass were both strongly spatially struc-
tured, and this structure resulted from a common spatial
arrangement (Table 2). The piecewise Mantel correlograms
of species richness and total abundance on pneumatophore
mass, given space, clearly revealed that resource and habitat
availability did not significantly influence spatial structure
(results not shown).
Discussion
Dispersal and patch size
Most marine organisms disperse as swimming larvae, and
this efficient type of dispersal has been said to be one of the
major differences between marine and terrestrial lifestyles
(Levin 1994). Elsewhere, open-coast mangroves comprise
epiphytic invertebrate communities where species with
swimming larvae are dominant (Farnsworth and Ellison
1996). This is not true for the strictly estuarine mangroves
in southern Africa, where the localized distribution of
forests constrains broad-scale arthropod dispersal, and at the
same time the survival of many typically marine organisms
is precluded by temporarily low salinities. Among the 21
species of pneumatophore arthropods considered in our
study, only the barnacle Balanus amphitrite, disperses by
means of swimming larvae. All the other species have
















Figure 4. Relationship between (log-transformed) species abun-
dance and Moran’s I in the first two distance classes; 10 cm
(diamonds): F1,125.0764, r
































































disperse over limited distances (meters, tens of meters;
although occasional long-distance dispersal on floating
debris is possible; Procheş unpubl.).
Organisms with poor dispersal abilities are likely to be
distributed in small patches (Engen et al. 2002)  an
assertion supported by our results (Fig. 3). While even
smaller values are common for species from other, more
stable, environments (e.g. 1 m for most species in deep-sea
sediment; Cosson et al. 1997), patches of 10 m lengths are
considered small for the mangrove forest floor, an environ-
ment generally considered to be relatively homogeneous
(Ellison and Farnsworth 2001). A three-scale study on
nematodes (which also lack swimming larvae) from man-
grove sediments also supports our results, with most (30%)
of the variation in nematode populations being accounted
for by the smallest (5 cm) scale, 22% by the 5 km scale, and
only 5% by the 1000 km scale (Hoda 1990). It is
interesting that indeed the one species with planktonic
larvae (Balanus amphitrite) was the only one with a second
peak in autocorrelation (at the 100 m scale; Supplementary
material Table S1). This indicates a hierarchical patch
structure, with the larger patch size probably being the
effect of larval dispersal.
Patch size also clearly varied with species abundance. For
the most abundant species (Tanais philetaerus), autocorrela-
tion dropped substantially from 100 m to 1 km, and even
more from 1 to 10 km, indicating patches B10 km. For
the other common species, patch size was between 1 and
10 km. For most of the rare species patch size was between
1 and 100 m, while that for the two rarest species was
between 10 cm and 1 m. As sample sizes were the same for
rare and common species, the observed differences in patch
size are likely to reflect real differences.
Because abundance changes faster than occupancy (a
species will first increase in abundance at a site before
increasing its occupancy of sites; Gaston 2003, Hui et al.
2010), spatial autocorrelation will be initially strengthened
at finer spatial scales and only subsequently will patch size
increase, causing positive autocorrelation in the next
broader scale, as a species becomes more abundant. Indeed,
there was a clear correlation between autocorrelation
(measured as Moran’s I ) and abundance in the first two
distance classes  presumably indicating that nuclei of pre-
dispersal population growth fit within these classes. Differ-
ences in the strength of autocorrelation and the distance at
which it is highest have already been shown to vary with
species abundance (Gaston 2003, McGeoch and Price
2004, Warren et al. 2009). The larger patch sizes observed
for common species may reflect 1) the much lower
occupancy of samples for rare species, 2) more propagules
leaving the natal site of common species than for less
abundant species, or 3) more abundant species forming
larger aggregations, requiring more space.
It is worth discussing the case of the few species aberrant
in terms of the abundance-autocorrelation relationship
(outliers in Fig. 4). These are either species of terrestrial
descent, (‘‘secondary marine’’ arthropods; Procheş 2001,
2004), such as Anurida maritima and Uroobovella sp., or
species that typically inhabit rocky shore/reef systems (with
different habitat structure), such as Agauopsis sp. and
Spheromatidae sp. These species may depend on the
presence of suitable microhabitat which may have its own
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Figure 6. Increasing community dissimilarity with spatial scale,
spatial transitions between adjacent scales, and significant breaks in
the regular pattern of dissimilarity increase in pneumatophore
arthropod communities. The box-and-whisker plots (circles are
outliers) represent all possible dissimilarity values between samples
and their respective sample centroids at each spatial scale. The
triangles represent significant transitions in assemblage structure
between adjacent spatial scales (height is the percentage of
permutations using each sample once, where SNK post-hoc tests
identified dissimilarity values at the two neighbouring scales as not
belonging to the same subset). Significance (p) values in the figure
refer to differences in percentage of significant permutations
between every pair of adjacent scales and the cross-scale average
represented as a dashed line. These differences were assessed using

















Figure 5. Bonferroni-corrected correlograms for total arthropod
abundance (squares, dotted line), species richness (diamonds,
dashed line), and total pneumatophore mass (triangles, solid line)
at seven scales. Significant I values at pB0.05 are represented by
closed symbols; open symbols are non-significant values.
Table 2. Mantel analyses of the relationships between matrices
representing arthropod variables (species richness above the dashes,
total abundance below the dashes), pneumatophore mass and
space. Values represent simple Mantel statistics; partial Mantel
statistics controlling for the effect of the third matrix are virtually
identical (not presented). Results support the causal model of similar
underlying spatial structure structuring the community and pneu-
matophore mass (Legendre and Legendre 1998). Significance: *pB
0.05; **pB0.01; ***pB0.001; tests of significance are one-tailed.
Arthropods Mass Space
Arthropods  0.06 0.05**
Mass 0.03  0.04**














abundance clusters and isolated smaller clusters, this pattern
could obscure the general relationship between autocorrela-
tion and abundance across sites, observed for most of
the species examined here (Van de Koppel et al. 2008).
After removing these species, the correlation for typically
estuarine arthropods (all other species) is excellent (10 cm:
F1,1248.12, r
285.78%, pB0.0001; 1 m: F1,12
71.93, r289.99%, pB0.0001).
Pneumatophore patches and arthropod patches
The distribution of populations and assemblages is
generally limited to suitable patches of habitat, within
which environmental variables vary to a lesser extent, as
compared to the surroundings (Legendre and Fortin
1989, Logerwell et al. 1998). At the same time, the
existence of non-inhabited patches can, by mere distance
effects, impose barriers resulting in local isolation. In a
dynamic environment, each patch is characterized by its
own processes of colonization, population growth, and
extinction, leading to differences in community structure
and species abundance among patches (MacArthur and
Wilson 1967, Shurin et al. 2009). In the presence of an
environmental gradient, these differences will tend to
increase with increasing distance. Even if abiotic gradients
are absent, biotic gradients derived from patch history
and dispersal processes cause similar effects, particularly at
fine scales (Levin 1992).
Arthropod distributions in mangrove pneumatophore
habitats display aggregation at three levels. Individuals may
be aggregated on a pneumatophore (Procheş and Marshall
2002a), pneumatophores may be aggregated within man-
grove forests (Saifullah and Elahi 1992) and the distribution
of mangrove forest fragments along the coast may be patchy
(Ward and Steinke 1982). The first level of aggregation is
not covered by the present study, but has been partly
addressed elsewhere (Procheş and Marshall 2002a), while
the third level is excluded by sampling in mangrove forests
only. The arthropod distributions under study are thus
considered to reflect the aggregation of pneumatophores
within mangrove forests at different scales (from plots to
transects), across mangrove forests, and patterns of dispersal
history.
To interpret our results on patch size, one needs to
consider some aspects relating to the natural history of
individual species. Most of the pneumatophore arthropods
feed either on the algae growing on the pneumatophores, or
on organic debris trapped within the algae, the amount of
which is strongly dependent on pneumatophore density and
size (Procheş and Marshall 2002a). At least in the case of
highly mobile predatory species (e.g. Leioseius sp.), pneu-
matophore surface area equals foraging area (Procheş and
Marshall 2002a). Therefore, the dry mass of the pneuma-
tophores (which are regular-shaped structures) should
represent a reasonable surrogate for both habitat availability
and resource availability.
However, our results show larger patch size for the
resource (pneumatophores) than for the inhabitants/con-
sumers. This has also been observed in more dynamic
systems comprising fish and seabirds (Logerwell et al.
1998). Our results were contrary to the expectation that
pneumatophore mass was the primary factor influencing
community patterns, presumably other variables being
responsible for the cross-scale patterns observed in the
arthropods studied here. Such variables may have to do with
properties of the sediment, tidal factors (in relation to
elevation above/below the average water level), temperature
(in turn connected with daily direct exposure to sunlight 
influenced by tree shade; indeed tree shade does not extend
as far as the pneumatophores), crab burrows, or other
factors (Nagelkerken et al. 2008). Since the pneumato-
phores themselves are not the main drivers (suggesting that
pneumatophores as a resource are not limiting), the
arthropod pneumatophore community structure may be
structured similarly to the sediment arthropod communities
(cf. Underwood and Chapman 1998).
Transitions in community structure
Community structure is defined by species identity, rich-
ness and relative abundance, thus combining all the single
factors discussed above. In our study, community structure,
similar to single-species measures, became more dissimilar
with increasing spatial scale. However, the evenness of this
increase and the lack of clear break points were peculiar,
and possibly resulted from the integration of multiple
factors, each one with its own break point. In this sense, our
results fail to find support for Whittaker’s (1972) theory of
alpha, beta and gamma diversity, by showing a continuum
in community composition turnover.
The only deviation from this even pattern of increase 
the slightly less pronounced transition between the 10 km
and the 100 km scale  is intriguing. It suggests that while
patchiness is common at fine scales, this patchiness is
embedded in a broad-scale continuum of a biogeographic
rather than ecological nature (Cornell and Lawton 1992).
Faunistic differences along the KwaZulu-Natal coast have
been observed by Macnae (1963), who considered the
mangroves in Durban to belong to a southern province, and
those in Richards Bay, to a northern province. Pneumato-
phore arthropods, as shown here, do not support this
distinction, the differences between localities being less
than would be expected based on variation within locali-
ties (Fig. 6; also see Procheş and Marshall 2002b). This
community pattern summarizes the large number of non-
significant patterns at the largest scale observed for
individual species (Fig. 3).
Conservation implications
If mangrove forests are in several ways intermediate between
marine and terrestrial worlds, the pneumatophores them-
selves are unique structures, specific to this environment.
Although we show here that their biomass in itself is not
critical in determining the cross-scale structuring of the
arthropod communities inhabiting them, these commu-
nities are nevertheless an important and distinctive con-
stituent of mangrove ecosystems. As such, their spatial
structuring needs to be considered in the conservation and
management of this ecosystem. Recently, Nagelkerken et al.
(2008) pointed out that ‘‘a challenge for future research is














and other shallow-water habitats, to help determine
the appropriate temporal and spatial scales for habitat
protection’’. Indeed, human intervention affects man-
grove ecosystems across several scales. In southern Africa,
changes in freshwater input into estuaries are causing
entire forests to disappear through estuary closure, thus
causing biogeographical barriers in dispersal. At finer
scales, age-group targeted tree felling and pollution result
in microenvironmental changes. This study suggests that
the former are more likely to affect community structure,
but the latter may be endangering the local survival of
specific populations.
Conclusion
Spatial scale is one of the key differences (in addition to
temporal scale differences) between population/community
ecology and biogeography. In linking the two, it is necessary
to identify a way of defining the ecological niche most
relevant for explaining geographical distribution patterns
(Soberón 2010). The absence of a species from suitable
habitats due to lack of dispersal events, or insufficient
propagule pressure, may or may not be incorporated in
defining its niche. Our study pointed out that cross-scale
surveys may be needed to understand the importance of the
resources that constitute the consumers’ niches. While our
survey did not identify the key variable responsible for
shaping community structure in mangrove pneumatophore
arthropods, it did clearly show that habitat availability in
itself is not the most important structuring factor. Further-
more, the spatial scale relevant for identifying key environ-
mental and historical limits to distribution is likely to differ
between species, since patch sizes differ in a way that
depends on both local abundance and species dispersal
ability.
Acknowledgements  M. G. Chapman originally suggested a study
on cross-scale patterns in arthropods from mangrove pneumato-
phores. Ashvita Ramcharan counted the arthropods in all samples.
Michael Borregaard, Joaquı́n Hortal, Gösta Nachman, Núria
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